Abstract
Introduction
In recent years, the similarities between vessels and nerves have become more apparent and extended to multiple biological aspects: from wiring, regulated by common guidance molecules, to parallelisms connecting neural and vascular cell fates up to endothelial cell-neuronal crosstalk in the vascular niche [1] . Thanks to guidance molecules able to affect both neural and vas-known as angioneurins, seem to be involved in the progression of neurodegenerative diseases and of malignant gliomas [5, 6] . On these bases, considering the complexity of the neurovascular parallelism issue and the fragility of the in vivo models [7, 8] , an in vitro model that resumes both vascular and nervous systems at the different stages of their maturation is auspicial, especially in view of therapeutic applications. To this purpose, ES cells represent the optimal strategy, since they are pluripotent cells able to spontaneously differentiate into the derivatives of the three germ layers [9] . Depending on the nature of the physical and biochemical elements present in the surrounding environment, ES cell commitment can be directed towards one specific cell type [10] .
For instance, the ES-derived Flk1
ϩ vascular precursors can give rise to endothelium both in chemically defined media [11, 12] and in co-cultures with OP9 stromal cells [13, 14] . Similarly, neurons can be differentiated from ES cells or in a chemically defined medium containing N2 and B27 supplements [15] or by using the PA6 stromal cells derived from skull bone marrow and known to efficiently sustain neural differentiation of ES cells [16] . Being serum components inhibitory of neural commitment, the omission of serum from the medium is an essential condition required to induce neural differentiation [16, 17] . [10] [21] and Dr. J. Rossant, respectively [22] . All ES cells lines were cultured as described [23] . Murine embryonic fibroblasts were purchased from American tissue culture collection (ATCC) (LGC Standards, Milano, Italy) . PA6 stromal cells, kindly provided by Dr T. Schroeder, were cultured as described [24] . Table S1 ). Lentiviral particles were produced by transfecting 293T cells with a second generation packaging system as previously described [25, 26] 
On the contrary, serum is an important environmental element for endothelial commitment, always included in the differentiation culture medium in most of the used protocols. Thus, the neural and the endothelial commitments require apparently incompatible environments. Indeed, no protocols were so far reported that allow the simultaneous appearance of endothelium and neurons from differentiating stem cells. In this study we combine the stromal cells co-culture technique with the use of a chemically defined medium to obtain simultaneously endothelial and neural cells from differentiating ES cells. ES cells are induced to differentiate within an in vitro environment composed of a monolayer of PA6 cells in a serum-free medium. The addition of cytokines, such as fibroblast growth factor (FGF2) and epidermal growth factor (EGF), to the culture medium is enough to allow the maturation of endothelial cells without affecting neural commitment. The use of BMP4, a well-known neural differentiation inhibitor, causes the shift of the system towards the endothelial fate to the detriment of the neural one. The prevalence of the endothelial and/or neural commitment over other cell types potentiality is confirmed by gene expression analysis and immunofluorescence. Differently from the embryoid bodies model (EBs)

2D model of in vitro differentiation of ES cells
Results
FGF2 and EGF drive endothelial differentiation of ES cells in a neural suited culture system
To better analyse the plastic correlation existing between vascular and neural commitments [3, 27] [30] (Fig. 3A) . The degree of neural maturation achieved by the differentiating neural cells was revealed by the expression of the functional synaptic protein SV2, GABA and tyrosine hydroxylase (Fig. 3B) [31] and of neural precursors identified by the radial glia markers nestin and BLBP [32] [33] [34] [35] 
Characterization of the ES-derived immature and mature endothelial cells and neurons
To better characterize the phenotype of the differentiated endothelial and neural cells, immunofluorescent stainings were performed to detect endothelial or neural markers 7 days after having cocultured YFP-ES cells with PA6 cells in the presence of GFs. Other than VE-cadherin, ES-derived endothelial cells also expressed Flk-1, ICAM-2 and CD31, though the latter is also expressed by undifferentiated ES cells
Effect of distinct growth factors and cytokines on endothelial or neural differentiation
The addition of FGF2 and EGF to the N2B27 serum-free medium is crucial for the induction of endothelial differentiation of ES cells co-cultured with PA6 cells (Fig. 1A) 
Fig. 3. Characterization of ES-derived endothelial cells and neurons. After 7 days of co-culture with PA6 cells in the presence of GFs, YFP-ES cells were analysed by immunofluorescence and confocal microscopy to detect the expression of (A) the endothelial markers VE-cadherin, Flk1, CD31 and ICAM-2, (B) the neural markers ␤III-tubulin, SV2 (synaptic vesicles antigen), GABA and tyrosine hydroxylase. (C) Co-immunostainings performed with anti-VE-cadherin and anti-␤III-tubulin or anti-MAP2 antibodies in association with anti-CD133, anti-BLBP, anti-nestin, anti-SSEA-1 and anti-Oct4 antibodies unveil the presence of uncommitted precursors and undifferentiated ES cells within the system. All the scale bars are 150 m except for Flk1 and ICAM-2
images that are 100 m.
Fig. 4. Endothelial and neural differentiation upon stimulation with single cytokines. (A) Endothelial cells and neurons derived from ES cells in basal conditions (-GFs) or in the presence of FGF2, EGF, VEGF or BMP4 were detected by immunofluorescence with anti-VE-cadherin and anti-␤III-tubulin antibodies and quantified by measuring the immunostained areas (B). Both FGF2 and BMP4 induce endothelial commitment but only BMP4 inhibits neurons maturation. Scale bars: 150 m except for EGF and VEGF that are 200 and 100 m, respectively.
This analysis revealed that most of the neural genes were upregulated, whereas the endothelial genes were down-regulated (Fig. 6A, B) . (Fig. S4) Thank to its properties, BMP4 was used as molecular signal to deprive the system of neurons without precluding endothelial commitment (Fig. 4) . Indeed, upon BMP4 treatment, most of the neural markers were down-regulated, the early endothelial markers Flk1, Tie1, Prominin-1 and Tal1 showed a significant up-regulation, while the late endothelial markers did not (Fig. 7C) . These data, along with the increased expression of the mesoderm markers brachyury (T) and goosecoid (Gsc) (Fig. 7D) , suggest that, [16] , BMP4 induces the activation of K14 transcript. 
Fig. 8. Silencing gene expression in ES/PA6 co-cultures: effects on endothelial and neural differentiation. ES cells were induced to differentiate into neurons and endothelium in the presence of GFs. The expression of Flk1, Ace, Tal1 and T genes was silenced by using lentiviral vectors carrying the corresponding shRNAs. (A) For each target gene, five different shRNA sequences were assayed and the efficiency of gene silencing was measured by real-time PCR. Down regulation of each target gene was expressed as relative expression of its mRNA level over cells transduced with lentiviral particles carrying a NTshRNA. Not infected cells were also considered (Ctr). Each shRNA sequence is indicated by a number code (Table S1). (B) Endothelial cells and neurons obtained from ES cells silenced with the two most effective shRNAs of each target gene, are detected by immunofluorescence with anti-VE-cadherin and anti-␤III-tubulin antibodies. (C) The shRNA-mediated inhibition of endothelial differentiation was quantified by measuring the levels of VE-cadherin mRNA by real-time PCR. Down-regulation of VE-cadherin gene is expressed as fold change of its mRNA level over cells transduced with NTshRNA. (D) The effect exerted on endothelial and neural commitment by the two most effective shRNAs of each target gene was quantified by measuring the area occupied by VE-cadherin
